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1
ELECTRICAL CHARGING SYSTEM FOR
ENERGY ACCUMULATORS OF RAILWAY
VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 371 of PCT/ES2012/000064 filed
Mar. 20, 2012, which in turn claims the priority of ES
P201100328/8 filed Mar. 22, 2011, the priority of both appli-
cations hereby claimed and both applications are incorpo-
rated by reference herein.

FIELD OF THE ART

The present invention relates to installations for supplying
power to railway vehicle drive equipment, proposing a sys-
tem which allows recharging energy accumulators oil railway
vehicles, such as tramways, subways or trains, in a reliable
and safe manner.

STATE OF THE ART

In the search for a sustainable future, transportation-related
carbon emission reduction has resulted in electrical propul-
sion becoming one of the most efficient solutions to drive
means of public transportation, as in the case of railway
vehicles such as tramways, trains, subways, or another type of
vehicles such as buses, etc.

Usually, in the case of city or intercity electrified transpor-
tation such as tramways, the drive equipment is powered by
means of an articulated system of rods which is located on the
roof of the tramway, which draws current by contacting with
an overhead line called a catenary. These overhead lines are
becoming less and less acceptable in cities due to the visual
impact they generate on the environment, besides the high
economic cost in the infrastructure involved in the use
thereof.

Various solutions nave been developed to eliminate tram-
way catenary, one of them consisting of powering the tram-
way through a third rail located on the ground between the
guide rails. Said third rail is segmented into small sections
which are independently powered, such that only those sec-
tions which are covered by the passage of the tramway have
electric current, whereby possible electrocution accidents
with the third rail are prevented. These systems can have
direct contact between the tramway and the third rail or no
contact, where electricity does not go through the third rail
directly, but rather goes through same in a form converted by
means of a magnetic field.

These solutions require establishing a continuous connec-
tion with the third rail, which causes an increase in the struc-
ture installation and maintenance costs, in addition to requir-
ing complicated systems for isolating the third rail and the
seed for synchronizing the electrification of the third rail with
the passage of the tramway.

A solution which allows eliminating the catenary and
which does nor require a continuous power supply connection
is capacitor- and battery-based energy accumulators. This
equipment, which comprises several energy storage modules
interconnected to one another powering the drive equipment
and the auxiliary systems of the tramway, is usually arranged
on the roof of the tramway and partially recharged by means
or the kinetic energy recovered when braking.

However, the energy recovered when braking is not suffi-
cient when the tramway is required to travel long distances, in
which case the energy accumulators must be completely
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2

recharged before the tramway sets out, so it is necessary to
provide a system which allows recharging the energy accu-
mulators in a safe and reliable manner in the stop zones of the
tramway.

OBIECT OF THE INVENTION

The present invention proposes a system which allows
recharging energy accumulators onboard a railway vehicle in
a safe and reliable manner.

The electrical charging system for energy accumulators of
railway vehicles object of the invention comprise equipment
onboard the vehicle, said equipment being formed by:

position-finding means of the vehicle;

and at least one electrical energy capturing element asso-

ciated with at least one energy accumulator of the
vehicle;
and track elements located on the ground in the station stops
of the vehicle, which are formed by:
identification and positioning means for identifying and
positioning the vehicle associated with the position-
finding means onboard the vehicle;

and at least one electrical charging zone associated with the

electrical energy capturing element onboard the vehicle.

Therefore, by means of the association of at least two of the
identification and positioning means with respective posi-
tion-finding means, the presence and configuration of the
vehicle is determined, and an area covered by said vehicle
corresponding with the electrical charging zones which can
be safely electrified is defined.

In other words, by means of a ground-vehicle-ground com-
munication between the onboard equipment and the track
elements, the safe electrification of the electrical charging
zones located in the station stop of the vehicle is controlled,
such that no order can be given for electrifying any charging
zone which is not covered by the vehicle, possible electrocu-
tion accidents thus being prevented.

The identification and positioning means of the track ele-
ments comprise signal emitting-receiving beacons located in
the track, whereby the position and the configuration of the
railway vehicle in the station stop is identified, whereas the
position-finding means of the equipment onboard the vehicle
are signal emitting-receiving antennas which are located in
the front left part and in the rear right part of the vehicle, for
example, even though this condition is non-limiting, said
means being able to be located at otter different points of the
vehicle without this altering the concept of the invention, such
as the fact that said antennas may be located in a centered
position of the railway vehicle. The system is also valid with
one-way communication between the vehicle and the ground,
where the identification and positioning means of the track
elements comprise beacons that only receive signals and the
position-finding means of the equipment onboard the vehicle
are antennas that only emit the signal.

The track elements are only communicated with the
onboard equipment when the vehicle moves or stops in a
position in which an electromagnetic coupling occurs
between the position-finding means onboard the vehicle and
the identification and positioning means located on the
ground. In other words, depending on the number of cars the
railway vehicle has, the identification and positioning means
have specific detection characteristics, a permanent detection
that takes place when a continuous electromagnetic coupling
is established between a position-finding means and its cor-
responding identification and positioning means, or a detec-
tion of passage that takes place when a periodic electromag-
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netic coupling is established between a position-finding
means and its corresponding identification and positioning
means.

On the other hand, it has been envisaged that the electrical
energy capturing element of the onboard equipment is located
in the lower part of the vehicle for being connected in a safe
manner with a corresponding electrical charging zone, which
comprises an electrical energy transmitting rail located in the
tracks. However, and without altering the concept of the
invention, the capturing element can be located at one end of
the vehicle, or even in the upper part thereof where it is
connected to a charging zone made up of an overhead cat-
enary. In a preferred embodiment of the invention, the energy
capturing element comprises an electrical energy capturing
shoe.

A system is thus obtained which, due to its constructive and
functional features, is preferably applied for the intended
function in relation to charging the energy accumulators of
railway vehicles in a safe and reliable manner. By means of
the system of the invention, the presence of the vehicle can be
detected in a safe manner, the configuration type thereof can
be determined, and which or the electrical charging zones can
be electrified is established.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of the electrical charging system
for energy accumulators object, of the invention in relation to
different types of railway vehicles.

FIG. 2 shows an embodiment of the system for the case of
a five-car vehicle.

FIG. 3 shows another embodiment of the system of the
invention for the case of a seven-car vehicle.

FIG. 4 shows another embodiment of the invention for the
case of two five-car vehicles attached to one another.

FIG. 5 shows another embodiment of the invention for a
first five-car vehicle attached to a second seven-car vehicle.

FIG. 6 shows another embodiment of the invention for the
case or a first seven-car vehicle attached to a second five-car
vehicle.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a diagram with all the elements forming the
electrical charging system for energy accumulators of railway
vehicles object of the invention, wherein equipment onboard
each vehicle (1) and track elements located in a station stop
(3) of the vehicle (1) can be seen.

By way of non-limiting example, said figure shows five
railway vehicle (1) configuration types of those used in pas-
senger transport service. Specifically, the configurations
shown are a five-car vehicle, a seven-car vehicle, two five-car
vehicles attached to one another, a five-car vehicle attached to
a seven-car vehicle and a seven-car vehicle attached to a
five-car vehicle.

Each vehicle (1) has onboard posit ion-finding means (A1,
A2, A3, A4) for finding the position of the vehicle. According
to one embodiment, a signal emitting-receiving antenna is
arranged in the front, left part of each vehicle, whereas
another signal emitting-receiving antenna is arranged in the
rear right part, of each vehicle. Likewise, the five-car con-
figuration has an electrical energy capturing element (2)
which is associated with at least one energy accumulator (not
depicted) of the vehicle (1) whereas in the seven-car configu-
ration two energy capturing elements (2) which are associated
with at least one energy accumulator of the vehicle (1) have
been envisaged.
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The track elements located on the ground in the station stop
(3) are made up of identification and positioning means (R1,
R2, R3, R4, R5, R6) for identifying and positioning the
vehicle (1) which are associated with respective position-
finding means (A1, A2, A3, A4) onboard the vehicle (1), and
of electrical charging zones (71, 72, 73, 74) associated with
a respective electrical energy capturing element (2) onboard
the vehicle (1), these zones (Z1, 72, 73, 74) being made up of
an electrical energy transmitting rail segment located
between the tracks.

The identification and positioning means (R1, R2, R3, R4,
R5, R6) of the track elements comprise signal emitting/re-
ceiving beacons located in the track, whereby the presence
and configuration type of the vehicle (1) in the station stop (3)
is identified. By means of using at least two of fiie identifica-
tion and positioning means (R1, R2, R3, R4, R5, R6) the
presence of the vehicle (1) is detected and the configuration
type of the vehicle (1) in question is determined; also by using
the identification and positioning means (R1, R2, R3,R4, R5,
R6), an area with the electrical charging zones (71, 72, 73,
Z4) which are covered by the vehicle (1) itself and which can
therefore be electrified wittiest involving any safety risk, is
identified.

It has been envisaged that the electrical energy capturing
element (2) of the onboard equipment is located in the lower
part of the vehicle (1) for being connected in a safe manner
with a corresponding electrical charging zone (71, 72, 73,
74). The capturing element (2) can be located at one end of
the vehicle (1), or even in the upper part thereof, where it is
connected with an overhead voltage line replacing the charg-
ing zones, without this altering the concept of the invention.
According to one embodiment of the invention, the energy
capturing element (2) is an electrical energy capturing shoe,
though it may be another type of energy capturing element,
such as an inductive system, for example.

Additionally, emitting beacons (E1, E2, E3, E4) the pur-
pose of which comprises communicating to the vehicle the
remaining distance to reach a stop zone (P) where it must stop,
has been envisaged, to be arranged before and after the station
stop (3). The beacon (E2) communicates with the position-
finding means (A1) of the vehicle (1) when it runs in the
normal direction of travel, indicated in the figure with the
arrow (F1). When it runs in the direction contrary to the track,
indicated with the arrow (F2), the beacon (E3) performs this
function. The beacons (E3 and E4) are used to communicate
to the vehicle (1) that it has completely pulled out of the
station stop (3), this being carried out in the normal direction
of travel, by means of communicating with the position-
finding means (A2, A4) arranged in the rear part of the vehicle
(1). When the vehicle (1) resumes its travel and pulls out of
the stop point (P), the identification and positioning means
(R1, R2, R3, R4, R5, R6) are no longer associated with the
respective position-finding means (Al, A2, A3, A4), and
therefore those electrical charging zones (71, 72, 73, 74)
which were electrified no longer have voltage since said rela-
tion has been terminated.

With this being the case, by way of non-limiting example
FIGS. 2 to 6 depict the mode of ground-vehicle-ground com-
munication between the onboard equipment and the track
elements, and how the safe electrification of the charging
zones (Z1,72,73, 74) is carried out depending on the type of
vehicle (1) that stops in the station stop (3). The communica-
tion between ground and vehicle can also be one-way, without
this altering the concept of the invention, using only emitting
devices in the equipment onboard the vehicle (1) and receiv-
ing devices in the track elements located on the ground.
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It will be obvious for a person skilled in the art that, based
on the examples described in FIGS. 2 to 6, the system object
of'the invention is scalable by means of adding or eliminating
track elements, such that the system can be adapted to differ-
ent vehicle (1) configurations. The operation of the system is
described for the case of running in the normal direction of
travel, indicated with the arrow (F1). In the case of running in
the wrong direction, indicated with the arrow (F2), the system
behaves in the same manner, i.e., the tail (rear part) of the
vehicle (1) can act as the head (front part) of the vehicle or
vice versa.

FIG. 2 shows an embodiment of the invention, for the
simplest case of a five-car vehicle (1). As occurs for all types
of vehicles (1), first the beacon (E1) contacts the position-
finding means (A1) of the vehicle (1) and issues a warning for
the vehicle to park at the stop point (P) at the level of the
identification and positioning means (R6). In this case, when
the identification and positioning means (R6) permanently
detects the position-finding means (A1) and the identification
and positioning means (R3) has detected the passage of the
position-finding means (A2), the electrical charging zone
(Z4) is electrified, and the energy capturing element (2) is
coupled thereto for recharging the energy accumulator or
accumulators of the vehicle (1). When the recharging has
been completed, the element (2) is disconnected from the
electrical charging tone (Z4) and the vehicle (1) pulls out of
the station stop (3). When the identification and positioning
means (R6) does not detect the position-finding means (A1),
an order is given to stop electrifying the electrical charging
zone (Z4). The confirmation that the vehicle has completely
pulled out of the station (3) is performed by means of the
communication of the position-finding means (A1, A2) with
the beacons (E4, E3).

Permanent detection is established by means of a continu-
ous electromagnetic coupling between the respective
positron-finding means (A1-Ad4) of the vehicle (1) and the
corresponding identification and positioning means (R1-R6)
of' the track. Detection of passage is established by means of
a periodic electromagnetic coupling between the respective
posit ion-finding means (A1-A4) of the vehicle (1) and the
corresponding identification and positioning means (R1-R6)
of the track.

FIG. 3 shows another embodiment of the invention for the
case of a severe-car vehicle (1) with two energy capturing
elements (2), Once the vehicle (1) has stopped in the stop
point (P), the identification and positioning means (R6) per-
manently detects the position-finding means (Al) of the
vehicle (1), and the identification and positioning means (R3)
permanently detects the position-finding means (A2) of the
vehicle (1). When these two conditions are met, the electrical
charging zones (74 and Z3) are electrified, and the energy
capturing elements (2) are lowered and coupled thereto for
recharging the energy accumulator or accumulators of the
vehicle (1). When the vehicle (1) resumes its travel and the
identification and positioning means (R6) does not detect the
position-finding means (A1) and the identification and posi-
tioning means (R3) does not detect the position-finding
means (A2), an order is given to stop electrifying the electri-
cal charging zones (74 and Z3) covered by the vehicle (1).

FIG. 4 shows another embodiment of the invention for the
case of a first five-car vehicle (1.1) attached to a second
five-car vehicle (1.2). In this case, once the first vehicle (1.1)
has stooped at the stop point (P), an order is given to electrify
the zones (74, 72), to that end the conditions that the identi-
fication and positioning means (R6) permanently detects the
position-finding means (A1) of the first vehicle (1.1), the
identification and positioning means (R3) has detected the
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passage of the position-finding means (A2) of the first vehicle
(1.1), the identification and positioning means (R4) perma-
nently detects the position-finding means (A3) of the second
vehicle (1.2), and the identification and positioning means
(R1) has detected the passage of the position-finding means
(A4) of the second vehicle (1.2), must be met. When the
vehicles (1.1 and 1.2) resume their travel and the identifica-
tion and positioning means (R6) does not detect the position-
finding means (A1), an order is given to stop electrifying the
electrical charging zone (Z4) covered by the first vehicle
(1.1), and when the identification and positioning means (R4)
does not detect the position-finding means (A3), an order is
given to stop electrifying the electrical charging zone (72)
covered by the second vehicle (1.2).

FIG. 5 shows another embodiment oil the invention tor the
case of a first five-car vehicle (1.1) attached to a second
seven-car vehicle (1.2). In this case, once the first vehicle
(1.1) has stopped at the stop point (P), an order is given to
electrify the zones (74, 72, 71), to that end the conditions that
the identification and positioning means (R6) permanently
detects the position-finding means (A1) of the first vehicle
(1.1), the identification and positioning means (R3) has
detected the passage of the position-finding means (A2) of the
first vehicle (1.1), the identification and positioning means
(R4) permanently detects the position-finding means (A3) of
the second vehicle (1.2), and the identification and position-
ing means (R1) permanently detects the position-finding
means (A4) of the second vehicle (1.2), must be met. When
the vehicles (1.1 and 1.2) resume their travel and the identi-
fication and positioning means (R6) does not detect the posi-
tion-finding means (A1), an order is given to stop electrifying
the electrical charging zone (74) covered by the first vehicle
(1.1), and when the identification and positioning means (R4)
does not detect the position-finding means (A3) and the iden-
tification and positioning means (R1) does not detect the
position-finding means (A4), an order is given to stop elec-
trifying the electrical charging zones (Z2 and Z1) covered by
the second vehicle (1.2).

FIG. 6 shows another embodiment of the invention for the
case of a first seven-car vehicle (1.1) attached to a second
five-car vehicle (1.2). In this case, once the first vehicle (1.1)
has stopped at the stop point (P), an order is given to electrify
the zones (Z4, 73, 71), to that end the conditions that the
identification and positioning means (R6) permanently
detects the position-finding means (A1) of the first vehicle
(1.1), the identification and positioning means (R3) perma-
nently detects the position-finding means (A2) of the first
vehicle (1.1), and the identification and positioning means
(R1) permanently detects the position-finding means (A4) of
the second vehicle (1.2), must be met. Additionally, it is
necessary to have identification and positioning means (R2)
detecting that the passage of the position-finding means (A3)
of the second vehicle (1.2) has occurred. In the event of
running in the wrong direction, the means which would be
used for this purpose would be the identification and posi-
tioning means (R5) of the general diagram of FIG. 1, When
the vehicles (1.1 and 1.2) resume their travel and the identi-
fication and positioning means (R6) does not detect the posi-
tion-finding means (A1) and the identification and position-
ing means (R3) does not detect the position-finding means
(A2), an order is given to stop electrifying the electrical
charging zones (74, 73 ) covered by the first vehicle (1.1), and
when the identification and positioning means (R1) does not
detect the position-finding means (A4), an order is given to
stop electrifying the electrical charging zone (Z1) covered by
the second vehicle (1.2).
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The invention claimed is:

1. An electrical charging system for energy accumulators
of railway vehicles, comprising:

an equipment onboard a vehicle, said equipment compris-

ing:

a plurality of communication devices, wherein a first
communication device is disposed in a front portion
of the vehicle and a second communication device is
disposed in a rear of the vehicle; and

at least one electrical energy capturing element associ-
ated with at least one energy accumulator of the
vehicle; and

a plurality of track elements located on the ground in a

station stop of the vehicle, said plurality of track ele-

ments comprising:

a plurality of identification and detecting means for
identifying and detecting a presence of the vehicle
associated with the plurality of communication
devices; and

at least one electrical charging zone associated with the
electrical energy capturing element onboard the
vehicle;

wherein in response to a detection by a first identification

and detecting means of a first communication device and
a detection by a second identification and detecting
means of a second communication device, the presence
and configuration of the vehicle is determined and the
electrical charging zones corresponding to an area cov-
ered by said vehicle are electrified, and wherein electri-
fication of the electrical charging zones corresponding
to the area covered by said vehicle is stopped in response
to a failure by the first identification and detecting means
to detect the first communication device and by the
second identification and detecting means to detect the
second communication device.

2. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein at least one
of'the identification and detecting means comprises a beacon
permanently detecting a corresponding communication
device.

3. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein the identi-
fication and detecting means comprise beacons periodically
detecting the passage of a corresponding communication
device.

4. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein the identi-
fication and detecting means for identifying and detecting the
vehicle comprise signal emitting-receiving beacons estab-
lishing two-way communication with respective communi-
cation devices the communication devices being signal emit-
ting-receiving antennas.

5. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein the identi-
fication and detecting means for identifying and detecting the
vehicle comprise signal receiving beacons establishing one-
way communication with respective communication devices
the communication devices being signal emitting antennas.
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6. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein the energy
capturing element comprises an energy capturing shoe.

7. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein a first
identification and detecting means is a first beacon perma-
nently detecting a first communication device of the vehicle,
and a second identification and positioning means is a second
beacon periodically detecting a passage of a second commu-
nication device of the vehicle.

8. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein a first
identification and detecting means is a first beacon perma-
nently detecting a first communication device of the vehicle
and a second identification and positioning means is a second
beacon permanently detecting a second communication
device of the vehicle.

9. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein a first
identification and detecting means is a first beacon perma-
nently detecting a first communication device of a first
vehicle, a second identification and detecting means is a sec-
ond beacon periodically detecting a passage of a second com-
munication device of the first vehicle, a third identification
and detecting means is a third beacon permanently detecting
a third communication device of a second vehicle, and a
fourth identification and detecting means is a fourth beacon
periodically detecting a passage of a fourth communication
device of the second vehicle.

10. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein the identi-
fication and detecting means is a first beacon permanently
detecting a first communication device of a first vehicle, a
second identification and detecting means is a second beacon
periodically detecting a passage of a second communication
device of'the first vehicle, a third identification and detecting
means is a third beacon permanently detecting a third com-
munication device of a second vehicle, and a fourth identifi-
cation and detecting means is a fourth beacon permanently
detecting a fourth communication device of the second
vehicle.

11. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein a first
identification and detecting means is a first beacon perma-
nently detecting a first communication device of a first
vehicle, a second identification and detecting means is a sec-
ond beacon permanently detecting the position-finding
means a second communication device of the first vehicle, a
third identification and detecting means is a third beacon
periodically detecting a passage of a third communication
device of a second vehicle, and a fourth identification and
detecting means is a fourth beacon permanently detecting a
fourth communication device of the second vehicle.

12. The electrical charging system for energy accumulators
of railway vehicles according to claim 1, wherein first emit-
ting beacons indicating to the vehicle a distance to a stop point
are arranged before the station stop, and second emitting
beacons indicating to the vehicle that it has pulled out of the
station stop are arranged after the station stop.

#* #* #* #* #*



